Abstract: Invasive electric stimulation of sacral somatic and autonomic outflow is used for treatment of urinary and anorectal functional disturbances and selective monitoring of the autonomic nerve-sparing technique in pelvic surgery, the so called pelvic intraoperative neuromonitoring. The aim of this experimental study was to investigate a less invasive approach for simultaneous stimulation of sacral somatic and autonomic outflow and concomitant recording of feedback. A newly developed multifunctional surface probe for simultaneous transrectal stimulation and electromyography (EMG) of external (EAS) and internal anal sphincter (IAS) was investigated in a consecutive series of six male pigs. The probe (cathode) was designed for intra-anal/-rectal application. An additional surface anode was placed on the animals´ back at the level of the sacrum. Each animal underwent autonomic nerve-sparing low anterior rectal resection. The transrectal stimulations followed a standardized protocol. Further direct stimulation of the surgically exposed pelvic autonomic nerves was carried out with a hand-guided bipolar microfork probe. In all six experiments, the transrectal stimulation resulted in 
Introduction
Invasive electric neurostimulation of the sacral somatic [1] and autonomic outflow [2] is used for the treatment of urinary and anorectal functional disturbances. In pelvic surgery, intraoperative nerve stimulation, the so called pelvic intraoperative neuromonitoring enables identification and verification of nerve integrity for quality control of the nervesparing technique and maintenance of urogenital and anorectal function [3] . However, in order to overcome the shortcomings of invasive electric stimulation, this experimental study investigated a novel less invasive approach for simultaneous neurostimulation of sacral somatic and autonomic outflow and concomitant recording of feedback.
Methods

Animals
Six consecutive male pigs, three months old, weighing in median 29 kg (range 27-32), were investigated prospectively. The pigs were anesthetized, intubated and monitored. Each animal underwent low anterior rectal resection with pelvic autonomic nerve-preservation using sharp dissection without diathermia.
The pelvic autonomic nerves were macroscopically assessed. At the end of the experiments, the animals were sacrificed with an intravenous overdose of thiopental sodium (Trapanal®; Nycomed, Konstanz, Germany).
Less invasive neurostimulation and EMG feedback control
For the purpose of non-invasive electric neurostimulation a newly developed multifunctional surface probe (Fraunhofer IBMT, St. Ingbert, Germany) was placed intra-anally/-rectally. The electrode was equipped with two stainless steel contacts: the proximal contact was used for electric stimulation and the distal contact for grounding. A surface anode was placed over the sacrum. For EMG feedback control, the probe comprised six electrode contacts made of conductive silicone: two for non-invasive recording of the autonomically innervated internal anal sphincter (IAS) and four for recording of the somatically innervated external anal sphincter (EAS), (Figure 1 ). The EMG signals were recorded with NeuroExplorer Software V 5.1 (inomed Medizintechnik GmbH, Emmendingen, Germany) at a 20 kHz sampling rate, 16-bit resolution, 10 mVpp measurement range, and a 50 mHz to 3 kHz pass band. Performing an impedance ensured correct electrode contact.
Signal analysis and statistics
Signal amplitude analysis was performed postoperatively using MATLAB (Version R2009b, The MathWorks, Inc., Natick, United States). In order to minimize the influence of stimulation artefacts on the extracted amplitudes, the part of the signal 2 ms before and 2 ms after the stimulation pulse were disregarded. Each absolute amplitude was calculated as the maximal amplitude peak-to-peak within the stimulation trains. Comparison between the absolute EMG amplitude increases before and during neurostimulation was carried out using the Wilcoxon's signed rank test. In a further subgroup analysis, the observed relative (after subtracting the values typical for rest) IAS EMG amplitude increases under transrectal and direct nerve stimulation were compared with the Mann-Whitney-U-Test. The results were expressed as median and interquartile range. A p-value < 0.05 was considered statistically significant. As this was a feasibility study, no formal power or sample size calculation was performed.
Results
In all six experiments the anaesthetic milieu was stable. The newly developed multifunctional surface probe enabled successful transrectal stimulation under simultaneous EMG feedback of EAS and IAS in each animal (Figure 3) . No electrode dislocations occurred. In phase two, the subgroup analysis of the observed IAS EMG signals under transrectal and hand guided direct stimulation revealed no statistically significant differences between both methods, although one can observe higher amplitudes during transrectal stimulation (Figure 4) . Nevertheless, these results demonstrated that the multifunctional surface probe is suitable for pelvic autonomic nerve stimulation. 
Discussion
The present experimental study demonstrated the feasibility of less invasive transrectal electric stimulation of the sacral somatic and autonomic outflow under concomitant EMG feedback control. The newly developed multifunctional surface probe offered stable signal recording and userfriendly handling as it could be easily introduced intraanally/-rectally without dislocating. This practicable less invasive approach may be of clinical value in the field of pelvic intraoperative neuromonitoring and sacral nerve stimulation. The current standard of pelvic intraoperative neuromonitoring is based on hand guided direct nerve stimulation of exposed tissue, which requires the surgeon to interrupt the dissection [3] . Thereby, one can detect sacral autonomic outflow and verify its´ functional integrity. The novel method could be used in addition to the reference method for further stimulation independent from the surgeons´ action. This may offer a more continuous neuromonitoring. Nevertheless, when it comes to deep pelvic dissection, one should consider that signal stability could be restricted by the performance of surgery next to the location
Direct nerve stimulation
Transrectal neurostimulation of the intra-anally/-rectally placed stimulation probe. Therefore, investigations should focus on this topic in order to evaluate the potential use in the field of pelvic intraoperative neuromonitoring. The current standard for sacral nerve stimulation requires invasive placement of foramen needle electrodes. Successful electric stimulation is determined by visually assessed somatic motor response of the anus and toe, even though this is not the desired effect during the test phase. However, the underlying neurophysiological processes are still far from being understood. It is believed that sacral nerve stimulation modulates both the central and peripheral somatic and autonomic nervous system [2, 4] . The newly developed multifunctional surface probe could offer both stimulation of the sacral outflow and observation of somatic as well as autonomic response by EMG feedback control under less invasive conditions. This might help to reveal neurophysiological mechanisms. The clinical value of this approach for the treatment of functional disturbances needs to be investigated. The present study is limited to a small series of experiments. The pelvic neuroanatomy in pigs is similar to the one in humans, but less complex. Therefore, it needs to be investigated whether the achieved results could be translated into humans.
In conclusion, this study presented an innovative approach for less invasive electric neurostimulation. The stimulation setup with intra-rectal cathode placement and anode location on the sacrum creates an electrical field, which may thereby affect the efferent and afferent nerve fibers of the intrinsic (myenteric plexus) and extrinsic autonomic innervation (e.g. inferior hypogastric plexus with its distribution) and the sacral somatic outflow including the pudendal nerve. Further development in technologies and extensive research by consortia of industry, universities and research centers are needed to advance the field.
